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1078–5Objectives. Totally laparoscopic aortic surgery is appealing. However, the adoption of this technique in the broad vascular
world is hampered by the steep learning curve and the fear of exposing patients to excessive morbidity and mortality. We
assessed how many patients should be treated to overcome this learning curve.
Materials and methods. The first 50 patients treated with totally laparoscopic aortobifemoral bypass for severe aorto-iliac
occlusive disease were followed prospectively. Operative variables such as operative time, aortic clamping time, amount of
blood loss, conversion to laparotomy etc were recorded (as well as 30-day mortality and morbidity). To discover a turning
point we used the technique of sliding averages. These data were compared with the mortality and morbidity as predicted by
POSSUM and P-POSSUM.
Results. A clear turning point, with improved operative variables, was seen after 20e30 patients. Mortality and morbidity
were not higher than predicted by POSSUM and P-POSSUM.
Conclusions. These data confirm the intuition of most people involved in laparoscopic aortic surgery that the learning
curve could be set at 25e30 cases. However, patients are not exposed to excessive morbidity and mortality during this
learning curve.
 2008 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Although YM Dion performed the first laparoscopy-
assisted aortobifemoral bypass for aorto-iliac occlu-
sive disease in 1993, the acceptance of laparoscopic
aortic surgery in the broad vascular world has been
rather slow.1 The adoption of this technique is ham-
pered by the steep learning curve and the concern
of exposing patients to an excessive mortality and
morbidity during this learning curve.
To define the number of cases needed to over-
come the learning curve and to see if patients are ex-
posed to excessive mortality and morbidity during
this learning curve, we analysed operative variables
and the 30-day mortality and morbidity of the first
50 patients in whom we performed a laparoscopic
aortobifemoral bypass for severe aorto-iliac occlusive
disease.sponding author. I. Fourneau, MD, PhD, Department of
ar Surgery, University Hospital Gasthuisberg, Herestraat 49,
Leuven, Belgium.
address: inge.fourneau@uzleuven.be
884/000723+ 07 $34.00/0  2008 European Society for VasculaPatients and Methods
In October 2003 we performed the first totally laparo-
scopic aortobifemoral bypass for severe aorto-iliac oc-
clusive disease (TASC C or D; Rutherford class 2e5) at
our university hospital. All the interventions in this
study were performed by the same pair of surgeons
using a transperitoneal retrocolic approach as de-
scribed by Coggia.2,3 For this study we analysed the
first 50 consecutive patients treated; Patient demo-
graphics are summarised in Table 1.
In the same period 40 patients were treated with an
aortobifemoral bypass through a conventional xypho-
pubic laparotomy. Only patients without history of
major abdominal surgery and with the possibility of
infrarenal clamping were considered for a laparo-
scopic approach. The decision to treat patients lapa-
roscopically or conventionally also was based on the
amount of calcification and intraluminal thrombus
in the infrarenal aorta and anatomic anomalies on
pre-operative computed tomography, with and with-
out contrast medium. The selection criteria were
relaxed with growing experience. In the first half of
the series, 44.6% of all aortobifemoral bypasses forr Surgery. Published by Elsevier Ltd. All rights reserved.
Table 1. Patient demographics
n¼ 50
Age (years, mean) (range) 57 (43e73)
Gender (M:F) (n) 33:17
BMI (mean) (range) 24.8 (16e32.5)
ASA score (I:II:III) (n)* 0:38:12
TASC classification (A:B:C:D) (n)** 0:0:5:45
Fontaine stadium (IIa:IIb:III:IV) 1:33:3:3
Rutherford class (2:3:4:5) (n) 1:46:2:1
Initial claudication distance (m, mean) (range) 77 (15e300)
Ankle/brachial index at rest (mean) (range) 0.49 (0.00e1.00)
* American Society of Anaesthesiologists score.
** Trans Atlantic Inter-Society Consensus (TASC) on Management
of Peripheral Arterial Disease.
Table 2. POSSUM physiological and operative parameters
Physiological parameters Operative parameters
Age Operative severity
Cardiac history Multiple procedures
Respiratory history Total blood loss
Blood pressure Peritoneal soiling
Pulse rate Presence of malignancy
Glasgow Coma Scale Mode of surgery
Haemoglobin
White cell count
Urea concentration
Naþ concentration
Kþ concentration
Electrocardiography
724 I. Fourneau et al.severe aorto-iliac occlusive disease were performed
laparoscopically, whereas this proportion increased
to 74% in the second half of the study.
Operative variables such as operative time, aortic
clamping time, estimated amount of blood loss, con-
version to laparotomy and reason for conversion
were recorded. Aortic clamping time refers to the
time needed to perform the proximal anastomosis. In
case of an end-to-end anastomosis this also includes
the suturing of the aortic stump. For analysis of the
data, we applied the sliding average method which re-
moves short-term variations to reveal the underlying
important trends in the data. All procedures/patients
were analysed on an intention to treat basis.
Patients were followed prospectively. Mortality
and systemic and local morbidity were analysed. Sys-
temic morbidity was defined as non-fatal damage or
disease with a health impact that is related to the pro-
cedure and involves any organ or tissue other than the
peripheral arterial system or the surgical wound.4
Local morbidity was defined as non-fatal procedure
related damage or disease that involves the peripheral
vascular system or the surgical wound.4 The observed
mortality and morbidity were then compared with the
predicted mortality and morbidity as calculated by
the P-POSSUM and POSSUM score respectively.
POSSUM, the Physiological and Operative Severity
scoring in the enumeration of Morbidity and Mortal-
ity and P-POSSUM, the Porthsmouth modification of
POSSUM, are scoring systems based on 12 standard
preoperative physiological variables and 6 operative
variables relating to the extent and severity of the
surgery performed as illustrated in Table 2. To avoid
varnishing over technical shortcomings of the laparo-
scopic technique by increasing the POSSUM score due
to high technique determined variables, the lowest
value of amount of blood loss was used instead of
the actual blood loss recorded. After combination
and weighting of the values they can be used in an
equation to predict the morbidity and mortality.5e7Eur J Vasc Endovasc Surg Vol 35, June 2008Statistical methods. Student’s t-test and Fisher
exact test were used to evaluate differences in means
and proportions. Odds ratios were used to assess
differences in risks. P values were two-tailed and
p< 0.05 was reported as significant. The statistical
software Analyse-it version 1.71 for Microsoft Excel
was used for the calculations.
Results
Bypass was totally laparoscopic in 39 patients (78%).
In 11 patients (22%) conversion to a midline laparo-
tomy was needed. In one patient we opted for conver-
sion because of a low implantation of the left renal
artery, which had not been noticed preoperatively. In
one patient the aorta was too calcified to perform
a safe anastomosis. In 4 patients no satisfactory expo-
sure could be obtained. In 5 patients conversion was
indicated because of persistent bleeding (from lumbar
artery, anastomosis or renal vein). No patient under-
went emergency conversion for major haemorrhage.
Median operative time of all 50 procedures was 325
minutes (205e490, mean 331). Median cross clamping
time was 69 minutes (20e173, mean 70 min). Median
blood loss was 600 ml (50e2500, mean 730 ml).
When calculating the sliding average over 9 pa-
tients for all of the above data, a clear decrease in op-
erative time, aortic clamping time, estimated amount
of blood loss and conversion rate was seen as shown
in Figs. 1e4. The turning point was situated between
the 20th and 30th patient.
Therefore we compared the results of the first 25
patients (group I) and the last 25 patients (group II).
The reduction of mean cross clamping time and blood
loss was significant. There also was a clear reduction
in conversion rate between groups I and II (32% vs.
12%). These data are summarized in Table 3.
No patient died in hospital or in the 30-day post-
operative period.Morbidity was observed in 8 patients
(16%): one patient had persistent bleeding in the
Fig. 1. Operative time (Sliding average over 9 patients).
725Learning Curve of Laparoscopic Aortobifemoral Bypasssubcutaneous fat from a trocar hole, necessitating
wound revision; one patient developed acute ischae-
mia of the left leg, finally leading to an above-knee am-
putation and dialysis-dependent renal insufficiency;
one patient developed compartment syndrome of the
left leg necessitating a fasciotomy, with complete re-
covery thereafter; one patient developed pneumonia
and ischaemia of the left foot requiring thrombectomy
of the below-knee vessels with complete recovery
thereafter; two patients developed cardiac insuffi-
ciency and pneumonia for which prolonged hospital-
isation on the coronary care unit was needed; one
patient developed acute ishcaemia of the right foot
and haemodynamic instability necessitating an explor-
ative laparotomy, thrombectomy of the below-knee
vessels and fasciotomy, with complete recovery there-
after; one patient became haemodynamically unstable
necessitating an explorative laparotomy and drainage
of an old haematoma, with complete recovery there-
after. Separation of morbidity into categories of eitherFig. 2. Aortic cross clamping time (local or systemic resulted in a local morbidity of 10%
and systemic morbidity of 12%.
Comparison between groups showed an overall
morbidity in group I of 20% with a local morbidity
of 16% and a systemic morbidity of 16%. The overall
morbidity in group II was 12% with a local morbidity
of 4% and a systemic morbidity of 12% (see Table 4).
The predicted mortality and morbidity as calcu-
lated by the P-POSSUM and POSSUM equation re-
spectively were 1.2% and 27.1% for the whole group.
Comparison between groups resulted in a predicted
mortality and morbidity of 1.3% and 28.7% respec-
tively in group I and of 1.1% and 25.5% in group II,
Table 4.
Comparison of the observed and predicted mortal-
ity and morbidity results indicated a very significant
advantage for the laparoscopic approach in both
group I as in group II, Table 4.
Patients were discharged from the hospital when
they were able to ambulate without assistance andSliding average over 9 patients).
Eur J Vasc Endovasc Surg Vol 35, June 2008
Fig. 3. Estimated amount of blood loss (Sliding average over 9 patients).
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stay was 4 days (range, 3 to 43 days). Calculation of
sliding averages showed again a turning point be-
tween the 25th and 30th patient (Fig. 5). Comparison
between groups showed a median hospital stay of
5 days (3e43) in group I and a median hospital stay
of 4 days (3e29) in group II.
At the follow-up visit one month after discharge all
patients, except one, reported markedly improved
clinical status. All but 4 patients became asymp-
tomatic (Rutherford 0e1). Even the 4 patients with
residual claudication due to femoropopliteal disease
experienced a clear improvement of their initial clau-
dication distance. Overall, the mean ankle/brachial
index increased from 0.49 preoperatively (0.00e1.00)
to 0.93 postoperatively (0.50e1.30). The mean initial
claudication distance increased from 77 m preopera-
tively (15e300) to more than 250 m postoperativelyFig. 4. Conversion rate (Slidin
Eur J Vasc Endovasc Surg Vol 35, June 2008(60e>250). No patient had residual ischaemic rest
pain or arterial ulcers.Discussion
The appeal of laparoscopic aortic surgery to replicate
the traditional good results of the more invasive open
approach is clear. Although several series demon-
strating the feasibility of this technique have been
published, the adoption of this technique has been
slow.8e11
One of the reasons for this is that the best way to
start laparoscopic aortic surgery is with aortofemoral
bypass for aortoiliac occlusive disease. However, in
many cases traditional bypass surgery has been re-
placed by balloon angioplasty and stenting, with the
high initial technical and clinical success rate of overg average over 9 patients).
Table 3. Peroperative data
Overall (50) Group I (1e25) Group II (26e50) P
Median Mean Range Median Mean Range Median Mean Range
Operative time (min) 328 331 205e490 327 346 250e490 320 316 205e425 0.08
Aortic clamping time (min) 69 70 20e173 80 80 25e173 60 61 20e92 0.01
Blood loss (mL) 600 730 50e2500 750 898 200e2500 500 562 50e1300 0.01
Conversion rate (n) (%) 11 (22) 8 (32) 3 (12)
727Learning Curve of Laparoscopic Aortobifemoral Bypass90% and low morbidity even for multifocal disease.
Aortobifemoral bypass appears to have a better
long-term patency for diffuse aortoiliac occlusive
disease (64% 5-years patency rate after iliac stenting
vs. 86% after surgical reconstruction) but the risk of
surgery is higher.12 Therefore, aortoiliac surgical re-
construction procedures are currently reserved for
more complex iliac disease (TASC D) or endovascular
failures.13 For moderately severe iliac artery lesions
(TASC B-C) the TASC document did not define the
best treatment because of insufficient good quality
evidence on which to base a recommendation. Assess-
ment of the patient’s general condition becomes cen-
tral in deciding which approach is warranted. This
reduces the case load enormously.
The length of the steep learning curve and the fear
of exposing the patients to excessive mortality and
morbidity during this learning curve are two of the
other explanations for the slow adoption of laparo-
scopic aortic surgery. Here we analyses our early
experience of laparoscopic aortic surgery, on an inten-
tion to treat basis, to explore the length of the learning
curve and to make sure that mortality and morbidity
of laparoscopic aortic surgery for aortoiliac occlusive
disease during this learning curve not higher than
for open surgery.
To determine the length of the learning curve we
applied the technique of sliding averages on operative
variables which generally thought to improve with
growing experience and therefore to be reasonable
parameters for evaluation of the progression of the
learning curve. The technique of sliding averages
removes short-term variations to reveal underlying
trends in the data. When looking at Figs. 1e4 shorter
operative times, cross-clamping times and lowerTable 4. Observed and predicted mortality and morbidity for the di
Mortality Morbidity
Observed
Mortality
(%)
Predicted
Median
Mortality
(P-POSSUM) (%)
Observed
Morbidity
(%)
Observ
Local
Morbid
(%)
Overall (50) 0 1.2 16 10
Group I (1e25) 0 1.3 20 16
Group II (26e50) 0 1.1 12 4estimated amounts of blood loss and conversion rates
are seen for the first operations. This can be explained
by the fact that for the first four operations we were
helped by two experienced laparoscopic vascular
surgeons and the cases were highly selected. Even al-
lowing for this, a reduction in all parameters occurred
between the 20th and 30th patient (Figs. 1e4). These
data confirm the intuition of most people involved
in laparoscopic aortic surgery that the learning curve
could be set at 25e30 cases. However, this does not
mean that improvement is no longer possible
thereafter.
A meta-analysis of de Vries and Hunink, including
23 studies on mortality and morbidity of aortic bifur-
cation grafts for aortoiliac occlusive disease, reported
a mortality risk of 3.3% (range 0e7.7), a systemic
morbidity risk of 8.3% (range 3.8e13) and a local
morbidity risk of 11.4% (range 9.9e22) in the more
recent studies.4 Taking into account that most of the
studies included in the meta-analysis were retrospec-
tive studies, often resulting in underestimation of the
morbidity rate and sometimes even not reporting
morbidity rates, the observed systemic and local
morbidity rate in our series is similar to the morbid-
ity rates reported in literature (12% vs. 8.3%; 10% vs.
11.4%).
As comparison of crude mortality and morbidity
data without risk adjustment to allow for the differ-
ences in case mix between the different reported stud-
ies can lead to erroneous conclusions, we compared
the observed mortality and morbidity in our series
with the mortality and morbidity rates as predicted
by the P-POSSUM and POSSUM models. POSSUM
was first described by Copeland et al. as a method
for normalizing patient data.5 Later they describedfferent patient groups
ed
ity
Observed
Systemic
Morbidity (%)
Predicted
Median
Morbidity
(POSSUM) (%)
Odds
Ratio
95% CI P
12 27.1 0.515 0.407e0.778 < .0001
16 28.7 0.612 0.547e0.882 < .0001
12 25.5 0.4 0.284e0.676 < .0001
Eur J Vasc Endovasc Surg Vol 35, June 2008
Fig. 5. Postoperative in-hospital stay (Sliding averages over 9 patients).
728 I. Fourneau et al.the use of POSSUM for comparative audit purposes,
validated for vascular arterial surgery.14 POSSUM
was shown to be fairly accurate in predicting morbid-
ity, although it tended to overestimate morbidity.
P-POSSUM, a modification of POSSUM, has proven
to be more reliable in predicting mortality.6,7 In our
series the estimated mortality and morbidity for the
overall groupwere 1.2 and 27.1% respectively, whereas
the observed mortality and morbidity for the overall
group were 0 and 16% respectively. The observed mor-
bidity and mortality were lower than the predicted
values. When we compared morbidity of the first 25
patients with the last 25 patients we confirmed the
reduction in morbidity associated with growing expe-
rience (20% vs. 12%), but even in the first 25 patients
the observed morbidity rate was lower than the pre-
dicted morbidity rate (20% vs. 28.7%), Table 4.
When interpreting the reduction in morbidity with
growing experience it should be taken into account
that patient selection changed during the learning
curve. With growing experience the decision to go
for a laparoscopic approach was taken more liberally
resulting in technically more demanding procedures:
more calcified aorta, more diseased aorta . (74% vs.
44.6% of all aortobifemoral bypasses). This increase
of technical difficulty with time explains the only
moderate reduction of operative time and aortic
clamping time over time (Table 3).
The reduction in morbidity with growing experi-
ence in spite of increasing technical difficulty can be
explained by the clear reduction in conversion rate
during the second half of our experience (12% vs.
32% in the first half). On the other hand it should be
remarked that the fact that the observed morbidity
rate is lower than the estimated one is maybe owe to
the liberal conversion policy. Almost all conversionsEur J Vasc Endovasc Surg Vol 35, June 2008were made because of fear of running into trouble,
rather than running into trouble. Moreover, the skills
to manage exposure problems or bleeding laparos-
copically increase with growing experience.
Four patients experienced specific vascular/ischae-
mic morbidity, which was more than expected based
on our experience with open surgery; There was no
association observed with either length of clamping
time or first or last clamp removal. In 3 out of 4 cases
the left side was involved. This could suggest that
positioning and positioning-related preferential em-
bolisation direction had contributed. However, in
3 out of 4 cases the pathogenesis of the below knee
ischaemia was thrombotic rather than embolic, since
the superficial femoral artery was chronically oc-
cluded. In one of these cases the patient developed
heparin induced thrombocytopenia. In 3 out of 4 cases
ischaemia was seen in the leg with severe additional
femoropopliteal disease (2 out of 4 patients had
RF4). However, these were not the only 3 patients
with severe combined iliac and femoropopliteal dis-
ease. Three out of 4 ischaemic problems in group I
and no ischaemic problems were observed after the
30th case. Therefore, the learning curve might have
contributed to these problems, although our tech-
nique remained unaltered.Conclusion
Analysis of operative data and morbidity and mortal-
ity during our early experience with totally laparo-
scopic aortobifemoral bypass for aortoiliac occlusive
disease shows that it can be performed safely. The
learning curve could be set at 25e30 patients and
should not be associated with an excessive mortality
729Learning Curve of Laparoscopic Aortobifemoral Bypassand morbidity rate provided that patient selection is
adjusted to experience and conversion is liberally
performed. Multicentre randomized trials are needed
to firmly demonstrate the benefit of totally laparo-
scopic aortobifemoral bypass for occlusive disease
on mortality and morbidity once beyond the learning
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